Angiotensin I-converting enzyme (ACE) and angiotensin type 2 receptor (AT2R) gene polymorphisms have been associated with an increased incidence of congenital anomalies of the kidney and urinary tract (CAKUT). We investigated the genotype distribution of these polymorphisms in Italian children with CAKUT. We also evaluated the association between the ACE insertion/deletion and the AT2R gene polymorphisms with the progression of renal damage in subgroups of CAKUT patients. We recruited 102 Italian children with CAKUT; 27 with vesicoureteral reflux; 12 with hypoplastic kidneys; 20 with multicystic dysplastic kidneys; 13 with ureteropelvic junctions stenosis/ atresia; 18 with nonobstructed, nonrefluxing primary megaureters; and 12 with posterior urethral valves and compared them with 92 healthy control subjects. ACE and AT2R gene polymorphisms were analyzed by PCR. The identification of AT2R gene polymorphisms in intron 1 and in exon 3 was revealed by enzymatic digestion. ACE genotype distribution in children with CAKUT was no different from that of the control subjects, but the subgroup of patients with radiographic renal parenchymal abnormalities showed an increased occurrence of the D/D genotype. The frequency of the G allele of AT2R gene in children with CAKUT was increased in respect to that of the control subjects. By contrast, no significant difference in the frequency of the C and A alleles of the AT2R gene was found. Our findings indicate that the ACE gene can be a risk factor in the progression of renal parenchymal damage in CAKUT patients. Moreover, a major role of the AT2R gene in the development of CAKUT has been found, at least in Italian children. Congenital anomalies of the kidney and urinary tract (CAKUT) are now considered a major cause of renal failure in children (1). Ureteropelvic junction (UPJ) stenosis/atresia is the most common cause of a palpable abdominal mass in the newborn. Other forms of CAKUT include vesicoureteral reflux (VUR); hypoplastic kidney (HK); multicystic dysplastic kidney (MCDK); nonobstructed, nonrefluxing primary megaureter (MU); and bladder outlet obstruction [e.g. posterior urethral valves (PUV)] (2). A number of well-recognized but puzzling features are associated with CAKUT. Anomalies such as UPJ stenosis/atresia and MCDK are often unilateral or highly asymmetrical.
Angiotensin I-converting enzyme (ACE) and angiotensin type 2 receptor (AT2R) gene polymorphisms have been associated with an increased incidence of congenital anomalies of the kidney and urinary tract (CAKUT). We investigated the genotype distribution of these polymorphisms in Italian children with CAKUT. We also evaluated the association between the ACE insertion/deletion and the AT2R gene polymorphisms with the progression of renal damage in subgroups of CAKUT patients. We recruited 102 Italian children with CAKUT; 27 with vesicoureteral reflux; 12 with hypoplastic kidneys; 20 with multicystic dysplastic kidneys; 13 with ureteropelvic junctions stenosis/ atresia; 18 with nonobstructed, nonrefluxing primary megaureters; and 12 with posterior urethral valves and compared them with 92 healthy control subjects. ACE and AT2R gene polymorphisms were analyzed by PCR. The identification of AT2R gene polymorphisms in intron 1 and in exon 3 was revealed by enzymatic digestion. ACE genotype distribution in children with CAKUT was no different from that of the control subjects, but the subgroup of patients with radiographic renal parenchymal abnormalities showed an increased occurrence of the D/D genotype. The frequency of the G allele of AT2R gene in children with CAKUT was increased in respect to that of the control subjects. By contrast, no significant difference in the frequency of the C and A alleles of the AT2R gene was found.
Our findings indicate that the ACE gene can be a risk factor in the progression of renal parenchymal damage in CAKUT patients. Moreover, a major role of the AT2R gene in the development of CAKUT has been found, at least in Italian children. Congenital anomalies of the kidney and urinary tract (CAKUT) are now considered a major cause of renal failure in children (1) . Ureteropelvic junction (UPJ) stenosis/atresia is the most common cause of a palpable abdominal mass in the newborn. Other forms of CAKUT include vesicoureteral reflux (VUR); hypoplastic kidney (HK); multicystic dysplastic kidney (MCDK); nonobstructed, nonrefluxing primary megaureter (MU); and bladder outlet obstruction [e.g. posterior urethral valves (PUV)] (2). A number of well-recognized but puzzling features are associated with CAKUT. Anomalies such as UPJ stenosis/atresia and MCDK are often unilateral or highly asymmetrical.
Some of these anomalies are often concurrent (3) (4) (5) . It is also noteworthy to mention that these abnormalities often take a familial pattern, showing incomplete and variable genetic penetrance. For this reason, it is believed that these assorted anatomic anomalies may share a common genetic cause (6 -8).
Recent genetic analyses on several families have identified several different chromosomal loci that are associated with CAKUT (9,10), although no specific gene involved has been identified in these studies.
Angiotensin I-converting enzyme (ACE) is one of the most intensely studied candidate genes in human renal malformations (11) (12) (13) . The insertion or deletion (I/D) of a 287-bp fragment in intron 16 of the ACE gene has proved to influence the activity of the renin-angiotensin system (14) and, therefore, the production of angiotensin II. ACE I/D gene polymorphism is a risk factor for renal parenchymal damage in patients with congenital urologic abnormalities and seems particularly relevant in children with VUR, where it is an independent predisposing factor (15) (16) (17) (18) (19) . However, it was recently observed that mice, especially males, with a disrupted angiotensin type 2 receptor (AT2R) gene, which is located on the X chromosome, often have a range of congenital anomalies of the kidney and urinary tract and that white male patients with UPJ and MCDK frequently have A3 G transition in intron 1 of the AT2R gene (20, 21) .
The AT2R is considered to be associated with the development of fetal organs (22) (23) (24) . Recently, Ichikawa and colleagues (2) proposed the molecular basis for the classical ureteral bud theory. According to this theory, abnormalities in AT2R expression hinder the interaction between the ureteric bud and metanephric blastema and hamper the normal development of the nephron and ureter, accompanied with the development of CAKUT (25) .
The aim of the present report was to examine the genotype distribution of the ACE I/D gene polymorphism and of two polymorphic sites of the AT2R gene in Italian children with CAKUT. Moreover, we evaluated the possible association between the ACE I/D gene and the AT2R gene polymorphisms with the progression of renal damage in subgroups of CAKUT patients.
METHODS
A total of 102 Italian children (45 girls and 57 boys; age range 6 mo-15 y; median age 9.5 y) with defined VUR, HK, MCDK; UPJ stenosis/atresia, MU; and bladder outlet obstruction (e.g. PUV) were studied. The patients, coming from Sicily and from some regions of Calabria (Italy), were recruited from the Paediatrics Department at the University of Messina (Italy) between April 2000 and April 2002. The study was approved by the ethics committee of the University of Messina. Parents gave their written informed consent. Personal and family history revealed that only six of the 102 children had a positive family history for CAKUT. The clinical data included the patients' history; physical examination; and radiologic investigations, including renal ultrasonography, technetium 99m dimercaptosuccinate (Tc 99m DMSA) renal scintigraphy, technetium 99m diethylenetriamine pentaacetic acid (Tc 99m DTPA), cystosonography, cystourethrography, and i.v. pyelogram (IVP). Blood for genotyping was obtained by venipuncture.
VUR was diagnosed by voiding cystosonography and Tc 99m DMSA for the evaluation of the parenchymal scar. The cystourethrography was used to analyze the entity of the reflux.
Diagnosis of reflux was classified from grade 1 to 5 according to the International Reflux Classification (26) . HK was defined by ultrasonography, cystosonography, and Tc 99m DMSA. By ultrasonography, the kidneys appeared smaller than they should be for the patient's age. DMSA renoscintigraphy revealed a small functioning kidney. Therefore, a diagnosis of HK was made after a small-sized kidney persisted for Ͼ6 mo on DMSA renal scintigraphy and ultrasound. The ultrasound scan and the Tc 99m DTPA with furosemide test were used to carry out the diagnosis of UPJ. Primary MU was defined by renal ultrasonography, Tc 99m DTPA, and cystourethrography. PUV was diagnosed by cystourethrography.
In each patient, renal parenchymal abnormalities observed through ultrasonography were confirmed by DMSA renoscintigraphy. We use the terms radiographic lesions and renal parenchymal lesions to denote these radiographically observed renal abnormalities.
The control group consisted of 92 Italian children who were recruited from inpatient and outpatient services of the University of Messina (Italy) and showed no evidence of clinical renal disease and had a normal renal function and no renal abnormalities documented by ultrasonography. Patients or control subjects with any chronic diseases or syndromic disorders were excluded. Blood for genotyping was obtained by venipuncture.
Patient Group
Primary VUR. This group included 27 patients, 12 boys and 15 girls (median age 9.0 y at last evaluation). The left side was affected in eight patients, the right side was affected in nine patients, and bilateral reflux was present in 10 patients. According to International Reflux Classification (26), the patients were classified from grade 1 to 5 as follows: two patients (one boy and one girl) with grade 1; 11 patients (six boys and five girls) with grade 2; seven patients (three boys and four girls) with grade 3, and seven patients (four boys and three girls) with grade 4 (Table 1) .
HK
Twelve patients (eight boys and four girls) were affected by HK. In particular, the HKs were unilateral in seven and bilateral in five patients. None of the seven children had anomalies in the contralateral kidney.
MCDK
Twenty patients (11 boys and nine girls) were affected by MCDK. 
UPJ
This group included 13 patients, eight boys and five girls (median age 7.5 y at last evaluation). The left side was affected in five patients, the right side was affected in six patients, and bilateral UPJ was present in two patients.
PRIMARY MU
This group included 18 patients, 15 boys and three girls, with confirmed diagnosis of primary MU (median age 8.0 y at last evaluation). The left side was affected in 10 patients, the right side was affected in five patients, and bilateral MUs were observed in three patients. None of the patients with bilateral MU was affected by Eagle-Barrett syndrome.
PUV
Twelve male patients were affected by PUVs (median age 6.0 y at last evaluation). This group also included patients with PUVs and secondary reflux (n ϭ 4) or secondary obstructive megaureters (n ϭ 5) or obstructive/refluxive megaureters (n ϭ 3).
CONTROL SUBJECTS
The control group consisted of 92 Italian children of the University of Messina (Italy) without any chronic diseases or urological malformations, confirmed by ultrasonography in every patient (median age 12.0 y).
Determination of ACE Genotypes
DNA was isolated from 200 L of whole-blood samples. PCR amplification to detect ACE I/D polymorphism was carried out using the following primers: 5'-CTGGAGACCACTCCCATC-CTTTCT-3' and 5'-GATGTGGCCATCACATTCGTCAGAT-3'. Amplification with this primer pair produces products of~490 and 190 bp, corresponding to the I and D alleles, respectively. Thermocycling consisted of denaturation at 94°C for 60 s, annealing at 65°C for 60 s, and extension at 72°C for 90 s for 32 cycles, followed by a final extension at 72°C for 7 min. PCR products (10 L) were mixed in 2 L of glycerol-based loading buffer, size fractionated by electrophoresis 0.8% agarose gel that contained 1 mg/mL of ethidium bromide, and visualized by UV transillumination. Because the D allele is preferentially amplified, mistyping of I/D heterozygous as D homozygotes is possible (27) . For eliminating this possibility, all D/D samples were re-amplified with an insertion-specific primer pair, which recognizes the inserted sequence, 5'-TGGGACCACAGCGCCCGCCACTAC-3' and 5'-TCGCCAGCCCTCCCATGCCCATAA-3' (28). Thermocycling consisted of 35 cycles of denaturation at 94°C for 1 min, and annealing/extension at 78°C for 1 min, followed by a final extension at 72°C for 10 min. We found that the false-positive rate was 13%, which is similar to the 10% previously found by other investigators (29) .
Determination of AT2R Genotypes
The subjects were analyzed for the two polymorphisms so far reported in the AT2R gene (21,30) . For analyzing the polymorphism in intron 1, genomic DNA was amplified by PCR in a 20-L reaction mixture that contained 20 mM of Tris-HCl (pH 8.0), 50 mM of KCl, 2 mM of MgCl (2), 0.2 mM of each of four deoxynucleotide triphosphates, 1 unit of DNA polymerase (EuroTaq; Euroclone, Paignton, UK), and 100 ng of genomic DNA using 0.4 mM of each of a primer pair of 5'-GGAAAGTAGAACATACATTAAATG-3' and 5'-CCTG-TAAGAGAAACAGCAGCTAAAGAATT-3'. Thermocycling in a GeneAmp PCR System 9600 (Perkin-Elmer) consisted of 5' of preincubation at 95°C, followed by 35 
The polymorphism in a 3' untranslated region of exon 3 was examined by using the following primers: 5'-GGATTCA-GATTTCTCTTTGAA-3' and 5'-GCATAGGAGTATGATT-TAATC-3'. Thermocycling consisted of 5 min of preincubation at 95°C, followed by 30 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, extension at 72°C for 1 min, and final extension of 7 min at 72°C. PCR products were digested with the restriction enzyme AluI (New England Biolabs). C3 A transition lost the AluI digestion site, thus yielding restriction fragment length polymorphism.
Statistical Analysis
Univariate and multivariate data analyses were performed using STATA 7 (31). The statistical methods used were the 2 test and the Fisher exact probability test. A two-tailed p Ͻ 0.05 was taken as the level of significance.
RESULTS
All clinical, radiographic, and follow-up data were available in 102 patients. Twenty-seven patients had primary VUR (12 boys and 15 girls); 12 (eight boys and four girls) had HKs; 20 (11 boys and nine girls) had MCDKs; 13 (eight boys and five girls) had UPJ stenosis/atresia; 18 (15 boys and three girls) had primary MUs, and 12 boys had PUVs ( Table 1 ). The male-tofemale ratio was 0.8 in primary VUR, 2.0 in HK, 1.2 in MCDK, 1.6 in UPJ, and 5.0 in primary MU. In most patients, the diagnosis was carried out in the first year of life, but in 38 of the 102 patients, the diagnosis was performed later than the first year of life.
In the VUR patients, ultrasonic and nuclear medicine studies showed several areas of dysmorphism loosely called "scars" that occur even in the absence of infection. Moreover, 60% of the children with grade 2 and 47% with grade 3 had abnormal kidneys, indicating that even in low grades of reflux, parenchymal defects were common.
In children with VUR, three major types of abnormal states were found by DMSA: dysplasia (37%), medial defects (38%), and polar defects (25%). In particular, we identified three patterns of renal damage: overall decreased uptake of renal radionuclide that was 20 to 35% of relative uptake, focal 990 defects in uptake, and shrunken kidney with relative uptake Ͻ20%.
In the HK patients, ultrasound studies demonstrated a smaller, underdeveloped, and smooth-surfaced kidney than the contralateral one. Its parenchyma was uniformly thin. There was a compensatory enlargement of the other kidney. On DMSA renoscintigraphy, the hypoplastic kidney showed a small function.
MCDK was diagnosed as multiple cysts on ultrasound scan and without any function on Tc 99m DMSA. They were of varying size with little intervening stroma and lacking a normal reniform shape and a normal collecting system. The largest cysts were located in the periphery. The cysts were noncommunicating, round, anechoic; they had smooth, thin walls and showed distal acoustic enhancement. In 11 patients they were so extensive that they caused deformation of the kidney. Distortion of the collecting system occurred in seven patients.
Thirty-three percent of the patients had contralateral renal malformations. VUR was common (nine patients). Reflux occurred into the contralateral ureter in eight patients and into the ipsilateral atretic ureter in five of them (two had bilateral reflux). Four patients had ectopic ureters: three cases were ipsilateral and inserted into the prostatic urethra (two cases, both with reflux) or into the seminal vesicle (one case); one case was contralateral and inserted into the bladder neck. Four patients had an ipsilateral obstructed single-system ureterocele. Four patients had bladder diverticula. Other abnormalities included hypospadias, opacification of a small utricle (not in the patient with hypospadias), ejaculatory duct reflux, internal urachal sinus, and lipomeningocele with a neurogenic bladder. DMSA renal scanning showed an absence of function in the kidney with MCDK.
In one case of severe hydronephrosis, a peripheral rim of activity was observed, followed by an increase in excretion noted in delayed images. Delayed images also showed retention of the DTPA in the pelvocaliceal system with little or no washout with furosemide.
In the UPJ, the primary investigation was ultrasound. This pointed out an enlarged renal pelvis with or without enlargement of the calyces (eight and five patients, respectively). Ultrasound features of unilateral UPJ obstruction included varying degrees of pelvocaliectasis without any evidence of ureterectasis; ectopic ureterocele; dilated, thick-walled urinary bladder; or posterior ureteral dilation.
In four patients the ureter was of normal caliber, easily seen behind the bladder. DTPA pointed out an inadequate drainage of the kidney on the time activity curves with images showing retention within the kidney with no ureteric dilation.
MU was found in 18 patients and was associated with pelvicaliceal dilation. In 10 patients, the DTPA scanning revealed a good differential renal function. Two of these children later developed a slight deterioration in function. Twelve patients, after a period ranging from 4 mo to 5 y, showed partial or complete regression of ureteral dilation with good stable renal function.
The diagnosis of PUV was suggested by the finding of hydronephrosis (expansion and enlargement of the kidney). In the PUV patients, the cystourethrogram characteristically revealed the valve leaflets within the urethra, an enlarged posterior portion of the urethra, and a thickened bladder wall, the last result pointing out elevated bladder pressure that is secondary to the obstruction of the urine flow.
ACE I/D genotype distribution. The ACE I/D genotype distribution in the control group was as follows: I/I 26.0%, I/D 52.0%, and D/D 22.0%, which is in agreement with the genotype frequency in other groups of white populations (p ϭ NS) (22) . Among all of the patients with congenital uropathies, the ACE genotype distribution was as follows: I/I 15.0%, I/D 54.0%, and D/D 31.0%, which was no different from the control population (Fig. 1) .
Of the 102 patients, 73 had radiographic demonstrable renal parenchymal lesions. Renal lesions were seen in 25 patients with primary VUR, in eight with HK, in 20 with MCDK, in eight with UPJ, in nine with MU, and in 10 with PUV. The ACE genotype distribution in these patients with radiographically abnormalities was as follows: I/I 10.0%, I/D 52.0%, and D/D 38.0%, which was significantly different from the normal control subjects, showing increased occurrence of the D/D genotype (p Ͻ 0.001, 2 ϭ 15.1; Fig. 2) . Moreover, the genotype distribution was different between patients with urological abnormalities and radiographic lesions (group A) and patients with urological abnormalities but no parenchymal lesions (group B; p Ͻ 0.05, 2 ϭ 6.4; Fig. 3 ). Because the ACE genotype has been identified as a risk factor for progressive damage from a primary glomerular disease, we evaluated at a later stage whether it is also a risk factor for the development of parenchymal damage associated with CAKUT. Therefore, we analyzed the genotype of patients who initially had normal radiographs and later developed parenchymal lesions, i.e. we excluded patients with lesions at presentation, because these may have reflected fetal maldevelopment of the kidneys. There were 13 patients in this subgroup. There was a remarkable overrepresentation of the D/D genotype. In this group, the I/I, I/D, and D/D genotype was 0, 41, and 59%, respectively. It is important to note that the duration of follow-up of these patients did not differ from those who did not develop renal lesions (mean 7.5 versus 6.9 y; p ϭ NS).
AT2R genotype distribution. Analysis of PCR-restriction fragment length polymorphism showed that the frequency of A and G alleles at the A3 G transition site (position Ϫ1332 from the translation initiation site) of intron 1 was 64 (69.6%) and 28 (30.4%), respectively, among the general Italian population. The children with CAKUT showed a significant statistical difference (p Ͻ 0.05, 2 ϭ 4.7) in the frequency of the G allele 
DISCUSSION
Congenital urologic abnormalities are common causes of renal failure in children, contributing to~25% of chronic renal failure in this age group. Although the outlook relates to the severity of initial renal damage, there is considerable heterogeneity in renal parenchymal destruction among individuals, and the reasons for this heterogeneity are not fully understood.
Recently, it was reported that ACE I/D gene polymorphism is a risk factor for renal parenchymal damage in patients with congenital urologic abnormalities (32) . We have determined the incidence of the ACE gene I/D polymorphism in 102 Italian children with different urologic abnormalities (CAKUT) leading to variable degrees of renal impairment and in 92 healthy control subjects with a similar ethnic background. ACE genotype distribution did not differ between CAKUT patients and normal control subjects. Indeed, several authors found that an experimental increase in the ACE gene copy number and consequently the increase in ACE activity were not associated with an increased incidence of urologic abnormalities in transgenic mice (33) . In our work, this factor was also true when we examined the total population of CAKUT patients and compared them with normal control subjects. By contrast, when we analyzed the CAKUT patients, who showed radiographic renal parenchymal damage, the D/D genotype seemed to be slightly overrepresented with respect to subjects who were affected by congenital uropathies but without any renal damage. This was also evident in patients who started out with normal kidneys but developed renal parenchymal damage over time. Notably, there was no difference in the duration of follow-up between patients who developed scars and those who did not.
It has been reported that AT2R gene null mutant mice display CAKUT (20, 22) . In a study on the human AT2R gene, a functionally significant mutation was seen within the socalled "branch point" of intron 1, which resulted in a significant alteration in the quality and the quantity of the AT2R mRNA as a result of abnormal mRNA splicing. This mutation could be responsible of an alteration in the AT2R gene expression and function during renal development (21) .
Screening of this human gene revealed in about one third of the white American population an A3 G transition at position Ϫ1332, the site of the "branch point" motif within intron 1. By means of direct DNA sequencing, it was found that the mRNA with the A genotype consists of exons 1, 2, and 3, whereas mRNA with the G genotype directly follows exon 1. Moreover, the amount of abnormally spliced mRNA with the G genotype was markedly lower than that of normally spliced mRNA with the A genotype (21, 34) . Recently, a C3 A transition at position np 1593 in exon 3 of AT2R gene was identified, but there are contrasting data regarding its function (30, 35) .
A few independent DNA studies on American and German populations of CAKUT patients revealed a significant correlation between the incidence of CAKUT and the specific A3 G mutation in intron 1 (21) . On the contrary, no evidence for this AT2R gene derangement has been found in the Japanese population (35) .
We analyzed the frequency of the AT2R gene polymorphisms at the A3 G transition site of intron 1 and at the C3 A transition site (position 1593) of exon 3 in Italian children with congenital uropathies. We also evaluated the ACE I/D polymorphism and the distribution of the different genotypes of AT2R gene in the subgroups of CAKUT to establish whether there is an association between these polymorphisms and the progression of renal damage.
To our knowledge, this is the first Italian study in which the incidence of the AT2R gene A3 G and C3 A polymorphisms has been investigated in children with CAKUT. We found an increased frequency (p Ͻ 0.05) of the AT2R gene A3 G polymorphism in Italian CAKUT patients when compared with the control subjects. However, the frequency of this polymorphism in CAKUT patients was lower than those reported by Nishimura et al. (21) . The discrepancy between these studies could be explained by the differences in genetic and ethnic backgrounds.
The present study found no significant difference in the incidence of the A3 G transition between the CAKUT patients with and without renal parenchymal damage. Moreover, no significant association of the AT2R gene C3 A transition site with CAKUT was observed in our patients. 
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